Self-controlled case series study (SCCSS) is a novel strategy to control between-person confounders by comparing the risk and reference periods in each patient. SCCSS investigates the association between transient exposure and an adverse event. It was developed to study adverse reactions to vaccines. Risk periods are defined during or after the exposure. Then the method finds a relative incidence i.e. the incidence in risk periods relative to the incidence in control periods. This editorial describes the definition, origins, design, assumptions, advantages, and limitations of this research method.
Definition
The SCCSS is an epidemiological study design for which individuals act as their own control i.e. comparisons are made within individuals. The temporal association between transient exposure and an event is estimated. SCCSS was originally developed for evaluation of vaccine safety but has since been applied in a range of settings where exact information on the size of the population at risk is lacking or identification of an appropriate comparison group is difficult e.g. for studies of adverse effects of drugs. SCCS is best suited to acute recurrent or nonrecurrent events and transient exposures for which precise timings are available [1] .
Background
Since the early 1990s, several designs have been proposed, where the comparison is not between drug users and nonusers but between time spent as a drug user and time spent as a nonuser, within the same subjects. The comparison is between different experiences in the same subjects cancel out all the potential confounders that are stable over time. This even extends to confounders that cannot be measured or are unknown (e.g. genetic factors). These designs pose the question 'why now?' instead of 'why me?' that is posed in a design based on other control subjects in traditional study designs [2] . SCCSM was first introduced in 1995; it was used to study the association between vaccines and acute potential adverse events [3, 4, 5] . Subsequently, the method was applied in other settings such as investigating nonacute events as autism [6] and has been used more widely in pharmaco-epidemiology (e.g. antidepressant use and the risk of hip fracture; adverse events of drugs) [7] and other areas of epidemiology.
SCCSS is a modified cohort method for estimating the relative incidence of specified events in a defined period after a transient exposure. The method is based on a retrospective cohort model applied to a defined observation period, conditionally on the number of events experienced by each individual over the observation period. The time within the exposure period is classified as at risk or as control time, in relation to exposures that are regarded as fixed [8] . The method is particularly attractive for use with data from large databases that may have been assembled for reasons unrelated to the study, as is the case with administrative databases. In such databases, information on important confounders, such as whether a person smokes or not, or their socioeconomic background, or general state of health, may not be available.
SCCSS differs from the consecutive case series because of the latter reports on multiple cases without control. In contrast, an SCCSS includes cases diagnosed during the exposure period and compared to cases diagnosed during the control period in each individual participant. Thus, the SCCSS design has better internal validity than a consecutive case series [7, 8] .
SCCSS Design
The self-controlled case series (SCCS) can best be understood as cohort logic applied to a case-only design. SCCS is a cohort study (retrospective, prospective or bidirectional) in which individuals experience successive 'at risk' periods and 'not at risk' as control periods over a defined follow-up period [3, 9] .
Other important features of standard selfcontrolled case series are that the exposure history occurring after the case-defining event is included in the estimates and (by consequence) that more than one occurrence of the end-point is allowed. By including follow-up after the outcome, the selfcontrolled case series can be viewed as a bidirectional design. The analysis is confined to subjects who become cases [10, 11] .
Steps [3, 8, 9] 1. Define cases and exposure. Data will be collected on cases (who have the event) only. 2. Define the observation periods: the study period for each individual is at risk of exposure (full history on the timing of events and exposure are available). Select this period so as to maximize the chance of exposure (e.g. study of idiopathic thrombocytopenic purpura and MMR, the study period is the second years which corresponds to the age range of primary MMR vaccination). 3. The exposure risk periods should be defined a priori (e.g. vaccination dates of each case), during which individuals are hypothesized to be at increased (or reduced) risk of the event of interest after (or before) exposure. All remaining time within the observation period constitutes baseline exposure periods, to which the exposure risk periods will be compared. Multiple exposure risk periods can be included as it may be necessary to capture either multiple doses or varying exposure-related risk using several risk periods. Cases are all or a random sample of individuals with at least one event (independent recurrences). 4. "Map" events in relation to the different periods identified. 5. Estimate the relative incidence of events in prespecified exposure risk periods compared with baseline periods, while taking into account the effect of any time-varying confounders such as age groups. Comparisons are not made between individuals as in a cohort or case-control study; estimation is within individuals. 
SCCSS Assumptions
The key assumptions of the SCCS method are that (1) events are recurrent and independent, or are unique and rare over the observation periods; (2) the occurrence of an event must not alter the probability of subsequent exposure. This requirement is violated when events increase the mortality rate, since censoring of the observation periods is then event dependent; (3) the occurrence of the event of interest must not censor or affect the observation period; (4) event rates are constant within intervals; and (5) the observation periods should be independent of event times [1, 3, 12, 13, 14, 15] . [8, 11, 13, 14, 16, 17] 1. It is based only on cases and provides consistent estimates of the relative incidence. 2. Effective control for all fixed confounders that are stable over time (self-controlled). This even extends to confounders that are unmeasured or unknown. This is particularly useful for studies conducted in administrative databases, in which relevant covariate information may be limited. 3. Overcome some of the difficulties and pitfalls of control selection. 4. The number of subjects required for a selfcontrolled study tends to be smaller than for a conventional approach. Only cases are required, which reduces efforts, time and cost of data collection. It can produce results that are statistically and clinically valid with far fewer patients 5. Temporal variation in the event rate is modeled as in a cohort study 6. Power is often good 7. May be used with indefinite drug use 8. Adjusts for trends in exposure 9. In surveillance of vaccine adverse events traditional cohort and case-control designs may not be feasible for studying vaccines with coverage approaching 100 % as it would be difficult to recruit unvaccinated controls, and safety surveillance systems typically only collect data for individuals who reported an adverse event thought to be related to vaccination. [8, 11, 13, 17, 18, 19] . 1 . It requires that the probability of exposure is not affected by the occurrence of an outcome event. 2. For non-recurrent events, the method works only when the event risk is small over the observation period. 3. It does not produce estimates of absolute incidence, only estimates of relative incidence. 4. It requires variability in the time or age of the event: if all events were to happen at exactly the same age, then the method would fail. 5. The occurrence of an event should not appreciably increase mortality (recently a complex methodology was used to overcome this condition) 6. The occurrence of an event should not affect subsequent exposure history (recently a complex methodology was used to overcome this condition) 7. The major limitation of the self-controlled designs is that the effect of exposure has to be transient. For research questions in which the key is cumulative rather than current exposure, conventional case-control or cohort approaches are better suited. SCCS is more vulnerable to misclassification bias than the conventional case-control approach. 8. The use of subjects as their own controls already adjusts for fixed factors, but it does not account for the variations over time. The adjustment for time trends in the case-time-control studies is limited to the measured variables. 9. Liable to selection and information bias, as in any case-control study. 10. Referral bias in clinic-based studies and the sample may not be representative of the broader population. 11. The use of the subjects as their own controls has been limited in clinical trials, for many reasons. One of them is the ethical worry of allowing patients with placebo, only, during the reference period (non-exposure period). 12. It assumes that treatment effects are homogeneous across subjects. However, there may be variations in how the treatment is applied across participants. This is particularly
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